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Abstract-Based on the regioselective remote photocyclization of a pair system consisting of a phthalimide group 
and a terminal sulfide group in their side chain, a variety of azathiacyclic compounds containing 9- to 27-membered 
rings were synthesized. 

The importance of macrocyclic compounds in biological 
and chemical systems has recently attracted considerable 
attention. Large number of macrocyclic natural products 
including antibiotics such as depsipeptides and macrol- 
ides have been isolated, and in many cases their roles as 
ligands in complexing various metals have been 
identified.’ Typically, crown ethers and cryptands are 
well known examples of synthetic macrocyclic ligands.’ 
Although many ground-state reactions for the construc- 
tion of macrocycles have been known? much less in- 
formation is available for photochemical macrocyclic 
syntheses.4 

During the course of our systematic studies on the 
imide photochemistry,5 we have found that N-substituted 
phthalimides (=1,3(2H)-dioxo-2H-isoindoles) possessing a 
terminal sulfide function in their side chain undergo 
unusually facile photocyclization to give azathiacyclols.6 
We are extending this type of reaction to general syn- 
thesis of macrocycles on the basis of a regioselective 
remote photocyclization of a “pair system” which con- 
sists of, in this case, a phthalimide group and a methyl- 
thio group. With this particular pair, macrocycles of up 
to l6-membered,’ cyclic peptide models of up to 21- 
membered’ and crown ether analogs of up to 15mem- 
bered: have been synthesized. While the phthalimide 
ring is a good electron acceptor (A), the sulfide is a donor 
(D). Therefore it is assumed that a complex formation in 
the excited states may facilitate the reaction, suggesting 
a general working hypothesis that compounds possessing 
appropriate D-A pair groups, even separated by a long 
chain, are capable of forming a new C-C bond on 
irradiation (Chart 1). 

1 X=a: [-CONH-] b: [-O-l c: [-CO,-] 

Chart I. 

In photoprocesses the reactivities often seem to be 
more sensitive to the structural and the environmental 
factors than in thermal processes.” Therefore, in order to 
see the scope and limitation of the above synthetic 
approach, careful examination of a structural variation in 
the connecting part (X), which combines the donor and 
the acceptor, was needed (Chart 1). We have already 
investigated the photocyclization of the phthalimides 
containing amide5” and ether’ bonds in their long side 
chain (la-b). In addition, we have preliminarily reported 
the results of the photochemical synthesis of macrolide 
derivatives of such a pair system with an ester bond in 
their side chain as a connecting part (lc).” In the present 
paper we wish to report a full account of this photo- 
chemical synthesis of macrolide models. 

A series of phthalimides 6 and 8, possessing a o- 
terminal sulfide function in their ester bond side chain in 
the alcohol and the acyl portion, respectively were pre- 
pared by the reactions shown in Chart 2. 

A solution of substrate 6 (or 8) in acetone (3-7mM) 
was irradiated with a 400 W high -pressure mercury lamp 
in a stream of argon for 30-l IO min. As shown in Table 
1, in most cases a mixture of 9 (or 12) and 10 (or 13) were 
obtained, with the former as a major product, after silica 
gel column chromatography in moderate yields (3580%). 
The assignment of these structures was made on the basis 
of elemental analyses and their spectral properties. For 
example, in the ‘NMR spectrum of 9a, a medium-sized 
compound obtained from 6r, appeared a new peak of a 
methylene moiety at S 2.98 and 3.56 as an ABq-type (J = 
14.8 Hz), in place of the original S-Me group in 6a, and a 
peak of an OH group appeared at S 3.57-4.00, in support 
of the cyclol moiety. The IR signals of an OH and CO 
groups in 9a appeared at v 3380cm-’ (OH) and 1740, 
1695 and 1685 cm-’ (CO’s), respectively. All other spec- 
tral and analytical data satisfied the structure 9~. The 
cyclol 9a was readily converted into the dehydrated 
product lla [NMR; S 6.42 (lH, s, olefinic proton)] 
through the treatment with p-toluenesulfonic acid in 
support of the assigned structure. In a similar manner, 
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uradiatmn of 4& adordtd a mirtutc of tk cycli& tb lZIordcd a mixlure of tk authtrcyclolr 1% which 
compounds. which was scpararcd by ~ilicr ~1 column wag scpa.rrtuI by column chromatography into tk cti 
chromatoqaphy into a ad le. Tk NMR rpcct~m of and I)K IMRJ isomers, apparently &sing from the 
Ib had a similar pattern to ~ht &scribed above. whik condguration of the tthorycubonyl group wtth respect 
that of the minor product Mb. in which S-mcthyknc to tk OH group. T’k rsrifnmcnt was made bawd on tk 
group 13 tnvoivcd. showed the peaks of a SMe group at d NMR spcc~n. The Me part of tk etkxycubonyl func- 
2 10 md an OH group al b 6.40 as sinr)tt. respectively. tion in tlb appeared as triplet peaks at d I 24 and 0.95. 
The IR of l(b showed s@ls of an OH and CO groups for tk cir and fr~r isomers, respectively: The signal in 
at Y 3260 (OH), 1730 and 1670 (CO’s) cm ‘, respectively. tk MOM immer shifted to a higher field than that of tk 
From rhc substn~cr Ir and $b, tk urlhiacycbls fI2a corresponding cis isomer. due to tk shitlditq edtct of 
and 12b) of I7~mcmkrtd ring were obtarncd. the former the phthalimidc riw. The both isomers were converted 
belnp accompanred by a minor product (lh). Compound into the srrmc dehydrated compound 18 (RKCK)Et) 



Apglsrrmm of the remote photaycllutm 
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throu& manlputalwn wilh thlonyl chbdt-pyridinc In tk block-dirpnrl least-squares prcxedurc. Tht linrt R 

modera~t y&ds Tk structure and slcrcwkmlslry of value was O.On rWmin# anisotropic tkrm8l prrunctcrs 

ok authiacyctot 12bfmm were finally established by for tk non H atoms and isotropic ores for tk H rroms. 

X-ray crystatloplphlc rnrtys~r The stature was solved A stereoscopic view of the 17.membered uaf.hixyctot 

by tk dlrtcl method using MUI.TAN and wat refined by 12brru~~ is iltustnIcd in Fig I+ During tk COU~SC of our 
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systematic photockmical macrocyclic syntkscs, this is 
tk bnt cxampk of tk X-ray an&&s. MI cotirmation of 

tk stn~ctuml assignment. 

LiLcwisc, substrates 6~. id allorded tk macrocycks 
k and M, with minor products l& and W, respectively 
Substrate 6t adordtd a mixture of tk cxpccrcd cycbls. 

which was separated by silica gel cotumn chromat* 
mphy into k of a Y-membered ring and a mmor 
product 101 of a 25membered riv, The stereo- 

cotiguntion of tk above minor products 10 (13) is yet 

undetermined, but they were one of two possibk 
isomers. respectively. Tk N MR ami the IR data of k 
were in support of tk cyclic structure (Experimental) 

TIC mokculu weight values determined by the vapor- 

pressure metM” ord the mass spcctromctry (MS) were 
532 and 531, respectively, both in rptcment with tk 

monomeric value (531). 
Thus tk expected macrocyclic products were 

obtained as a result of C< bond formation between tk 

irnidc CO group and predominantly the S-Me group 
throu& an extensive Nomsh type II process*” Some 
minor products, In which the S-mcthylcnc group IS in- 
volved, were lsolatcd mostly in kss than IO% yields. It IS 
rcmarkabk that H IS abstracted prcfcrenttally from tk 

Me. tk less substituted C. despite tk lower C-H bond 

strength of the mcthyknc. which might be important if 
tk process involves a ducct ahtractIon of H. Such 

preferences have been observed In aII the examples of 
our remote photwyclization both with w-Semcthyl-“-* 

and ti-N-methyl-” phthalimide derivatives. It has &n 
known that photoreduction of bewhtnont by.‘* and 

an anodic oxidation” of N .Ndimtthylbcnzylamin. both 
proceed by way of a cation radical mtcrmcdiatc kading 

to a similar preference for tk attack on the N-Me 
cubon AU tk above rrsujts suwst that tklc H Vans- 
fcr processes may be explained In terms of the radical 
cation mcchnism involving tk sulW (Chart 4). Al- 
though the detailed mcchanlsm of this remote photocy- 

clizatron remans for furtkr study, tcntatlvcly this rcac- 
tion may be rationalized by rapid tkctron tnnsftr fol- 

lowed by proton transfer from tk rdKaJcation of 
mcthylthlo group with favorabk entropy factors by VU- 
tuc of charge-transfer complex formation in tk excited 
state (Chars I).’ ’ Tk largest ring sue obined In the 
prtrcnt study was a 27.membered ring k derived from 

6 0) 

f 0 

(Y 0 

:+ N(CIy, - c +- 5 
(4 N(CH2t, -c + 0 

I 
. . 

-0 MO 

t i 

I I 
?‘cn2~n-o s (alI) (0 

I 
H-C-H ~ *CM 

2 

CI. To cst/mrtt tk clbcicncy of this remote reaction, the 
quantum yield was measured, The qruatum yield fw tk 
form8tion of k from 6t in acctonitrik was 0*013 2 
0 003.” 

In view of tk methodology of the photockmicd 
macr6cycllc syntheses. it is impomnt that tk substrates 

(4. I) havrng a functional group such as the ester bond 
undergo smooth selective remote photocyclization at tk 
thlomcthyl group without cycliution into tk chum in- 

~crior. Usually In tk Nonirh type II photocycluation of 

long&ain substmtcs. a mixture of vtius products UC 
otincd following tk statistical distributmn along with 

tk chain mcthyknts.“” Of all mrcrolidc-forming 
reactIons, tk Iactonizatlon of low opcn&ain hydtoxy 

acdr IS tk most gcncnl method.‘. In the present ryn- 

thesis. open. long chain substrates with ester linkages arc 
cychztd by C< bond formation, This pair system may 

provide a versatile photockmical unit for tk syntksis 
of viuious macrocycle l naIogs. 

UnatMtnhL 

AII m.ps UC uncotwctd IR spc~n were taktn on a HIUC~I 
IR.215 tNupll. UV spectra ore L H~lr)u 323. Wus (MS) rpccm 
on a Hltachl RMS4. Xh4R rpccln on a JEOI. MH60 KtX% 
(WC)& as an ~ntenul 1-d; ttu c)Kmrrl rhrItr ut txpftrti 
u1 6 @pm). caughry COIWMIS (I) UC pen rn Hz). unksr 
o~tuwrcc specdkd 
I I~IlrflrylrlrlowdfwwI 13. n = I I) 

A ~IXIUYC of t I4wanounbtcanoJ 00 1. IW mmol) aRd McSNa 
(25 1. 157 mmd) WI DMF (140 ml) was rlticd II W for 7 hr T?K 
fnI)LIW WI% powtd Iat0 W&I. tmaWd Wth rtbcr. nu 

CIUXIS were wrhcd wrlh bnn rnd coacentrwd m taoc~) to 
gtvc M&g uU91 of li WM. bp I~l~l’llmmH~. mp IF33 
(Foubd C.662S.H. I2 I1.S. 1419 C,:H,OSnquues.C.6601; 
H. I! 00, S. I4 &!I’& 1 

1.1(2Ht~xo.2H-rrou~.2,~~a~~~ ocd MC) 
Compound &” (21 9 8.0.1 mall Y&L added 10 a ctrtrd roln of 

3 (m q I01 (20 I 8. 0 I md) and ?Ja:CO, 110.6g. 0 I 41 in H@ 
(150 ml) at 25’ for I hr After rnrolubk mrtctis *CM fill& og. 
Iht htrnk was rcddkd ad tk pp~s wcrc coll~ctd by ~wtnm. 
warkd wth H:O, rnd dntd 10 pc 20 8 8 I6341 of k, cokwleu 
needles from c~kr. m p a9I’ (FourA. C. 68.66. H. 7 )r. N. 
4 12 C,,H:,NO, requires C. 68 86. H. 7 bo, N. 4 23% I 

Gtumll prwtdurr for rk lyrnSm o/ 1 (except for W. 
Th~~yl chlo& (I5 ml) ~lra added 10 a solution of 4’ (53 ramol) 
In DMF (0 I ml) ad CHCI, (60 ml) aI !Y After rtllu~l~ for 2 hi, 

9 (12) + 10 (13) 

ChM4 



Appllcatmn of Ihc remote photacychutlon I y; 

tk solvent ru cvapatcd to ~IVC the xcid chkdt.” hcb *U 
uud m the ectt re.actDcI A roln of tk &c~d CM (55 mmoll II 
CH.Kl, (y1 nl) Y&I ddcd to x stcrrcd soln of S (55 mmol) ud 
Lt,N (55 mmd) IR CH,CI! (5 ml) 81 - 20’ - - 4@ for )o mtn After 
rtunw for 1 hr at 25’. thl nIxturc 1x1 paved into dll HCl rnd 
cttrrctrd with CHCI, The ctwxts were rtukd with 5% 
NIHCO,. HIO md coecentntrd u WCY) The rtsduc ~8% 
pun&d by rccrysullurtmn or Sfio: cohrmn chromrtotnphy 

Tk r&K w8s rccIylI&llrud from btnwle-rbtxant. 13.51 
CtW’+l of colnrlc~~ needler. m p ?I-?? IR InO. I’Ycm ’ MS 
&I 279 (M’I NMR ! 72 (ZH. I. J = 7 Hz. SCH:). 2 I2 OH. 1. 
SCH,) IFound. C. 55 I. H. 4 66, N. 5 a. S. I I or, C,,H,,NO,S 
nquucs C. JJ 91. H. 4 70; N. 5 O?. S. I I 46% 1 

2~M~h~r~lrrh*l~l~2H~droro~!H-1~ou~~-2~~~~unoaf~ 10) 
The rcsduc wal chromr~oqlpkd fklrn AcOEt q 4: Il. 

I6 18 (89%) of a p& kclbw otl IR(lqurd) 1765. 17lOcm ’ MS 
rr~~ 335 (M’l NMR 2 69 l!H. t. J = 6 7 Hz. SCH&. 2 II l3H. s. 
SCH,l (Found. C. 61 01. H. 441: N. 4 I!. S. 968 C,.H:,NO,S 
trqulrtr C. 6O $8. H. 6 11. N. 4 II. S. 9 54% I 

The rc\~duc ua\ chrom*tgnphtd thcxanc . Ac0b.I 4 Il. 
9s 05). IlOg ttUtop;l of a hrormsh 011 lR(lqud) 1765. 
l7)o. l7lOcm ’ MS mlr 405 (M’) NMR 2 71 l2H. t. J = 6.8 
Hr. .SCH:l. 2 I5 (1H. s. SCH,) (Found, C. 6493. H. 7 57, N. 
153. 5. 7 77 C::H,,NO,S rcqutirtr C. 65 16. H. 7 71; N. 145. S. 
?89%1 

The rctdw ~8% rccrystrlllud tlropropyl+tkr-kx~nl rfttr 
chromrtognph) lbntcnc-A&Et q 9 5 0 51. 5 91 (23 2%) of 
cobrkss pnmrs. m p rb4Q IR. InO. 17l5.1695cm ’ MS mlt. 
461 (M’l NMR 2682 I9 l!H. s. SCH:). 2 C@ (3H. s. SCH,, 
(Found. C. 67 gl. H. 8 17, N. 3 11; S. 6 65 C’,H,NO,S nquncs 
C. 67 65. H. 8 52. N. 3 )o. S. 6 91r) I 

II . tMtflyfrhoo)wdrr~l + 13(?Hl . drozo . 2H . lwudol . 2 - 
mduunoarr (6~) 

A wspcnrlorr of C (6628, 2Ommoll. 5 ln q Ill IJ)bt, 
Xl rnmoll. I-mtrhyl-?<hbropyndtinunr lod& I6 I3 g. 24 mm& 
rnd Et,N (4 85 8.4.8 mmoll In CH:Cl: (4Oml) was rcfluxcd under 
rn upn rtmospkrc for 7 hr AfIcr rcmovrl of tk (OIVCAI. tlu 
rcsduc w*1s chromrtognpkd on SiO: (kun-AcOF.1 q 9 I) to 
gmr 7 61&(71 6%) of 6tt. cobrksl cqskls from AcOEt-kxrm. 
mp b&64’ IR 1760. 1725. 1715. 1690cn ‘. L’V (MeOH). 
299lnm I# = M2Ol MS rrJt 531 (M’) NMR* ? 54+2 I6 (2H. m. 
SCH:,. 2 @ OH. I. SCH,) (Found C. 70 47, H. 9 14. N. 2 64; S. 
5 94 C,,H,NO,S rcquuct C. 70 O?. H. 9 29. N. ? 63. S. 6 O?% 1 

I.~(!HI. hxo .2H - Isuudol .,‘. yfmrrlkd . II . (arrhflrbl. 
udtrorrootr (&I 

Olllyl chbrtdc (4 64 1.45 rnml) was added to J stmcd soln of 
7 (R-H. n q IOf’ (6%~. 3ocnmoll1a ttkr fK)ml) at O’ llu sola 
WJI rtlned 11 ?<’ for 90 mm and conccntntrd to g~c 1 ‘3 g of Ihc 

red chbr&. whuh WJ% pacewed with b (5 )I I, )I) mnmd) Jnd 

EI,N (3 011. w) mall In CH:CI: tbO mll. In J ~JAIYI smdu 10 

thrt Of 6 ThC WidUC WJS ChtOAlJt~hd 00 ?h’t& (kUl¶C- 
Ac0Ef = 4 II to pvc ! 7 8 (49%) of $a. cobrksr redkr from 
ether-hcxrm. m.p f&74*. IR It&L l7a. I7lOcm ’ UV 
(CHCl,l K)1 (,h I q ml. 2@~nm l?3rol MS m/r* 391 (M-1 
NMR 2 62-2 II (2H. m. SCH:l. 2 00 OH. s. SCH,) IFousd. C. 
64 63. H. 7 47. N. 160. S. 7 W C:,HPNO,S rcquulcs C. 64 4): 
H. 7 47, N. 158: S. 8 17% I 

A suspmum d I l+t~omou&cr#nc rd l&62 8. 0 I troll. 
cthyl~!~mtrcrpIrcctrte L I! 63 #. 0 13 mdl ud K.401 (?7 6~. 
0 ! mall UI DMF lm ml) W&I stmtd under JR upn r~mospkrc 

rt2YfmUhr TbcmishucrupoumltntodtlHCIand 
ct~racwd with clhcr. The extracts were w&cd with bnnt. dncd 
ard coecenmti k wcmo. lit r(sk was chomatoqrg)rtd on 
fJtca @ f?tc~~lbAcOE~ - 4 1) 10 gvr tl3 8 193%) of 7 
(R<OOEI. a l 10). wGch mx uwd ia ok tolIowti ticp. A 
~ulpcnxion of 7 [RKOOEt. n = 10) (II 6~ 44.8 mad). b 
(8 72 #. 49 1 omoll. I-mcIhyl-2ch&Xv-pyridmum lodldt (I 3.18. 
53 8 mmoll ud Et,N (10.9~ 0 lmmoll ta CHQ, (Poarll was 
dud under rn upn timosphtn for 2ht After rc~ovrl of 
tk rolvcnt. tk resti wu pun&d by SIO: chromrtography 
(kxm- AcOEI - 4 I) LO #vc 1 I 6 g 07%) of I). cohltsr 
reedier from erhcr-hcxr~. n p f7 >I8 5’ 1R. lTl5.173Ocm” 
MS mlt 461 IM’) NMR. 3 to IZH. s. SCHIl. 2 7s-2 03 (2H. m. 
SCH,l tFou& C. 62 19. H. 7 21; N. 3 II; S. 688 C:,H,,NO,S 
nqutir C. 62.19; H. 7 It; N. 1.02. S. 6 9l’i 1 

Gtwai prwtdmt /or rk imdiorm A win of 1 or I IO 5- 
2 5 8 (l b7 8 mm&] In KttOM 12 *7 0 mMl *Jl UTJdUtCd Wth 

8 UHI W hqh pfctswt mercury lxmp 11 l&m for WI IO min m x 
strcrm d upn After rcmovd of tk solvtnt In v~uo. tk 
restdue was subrcltd IO sio: chromrtoqrphy. folbwed by 
ncryrullrutlon of csh fracI*. unhr otkmlu spcclfi& 
(71blc II 

3.4.6.7.9.1 lb + Hualrpdm . IIb . hrdmxy - IH + II .I.tlozorlH. 
o:c~nn 16.7 - aj~~omiolr - 6.9 . drortr 0r1 

lk resdrcc was rtcryttrllrrtd IA&Et) IO give U@mg tbl#l. 
colorless cryrtrls. m p lU7-189’ (dcc 1 IR. 33#1. l7yI. 1695. 
I685cm ’ MS rrrlt* 279 (M-1 NMR KDCI,-DMSwl 786- 
7 42 r4H. m. uom Hl. 6 45 (lH. s. OH). 4 8? Jd 3 91 (2H. ABq. 
I= IbHr. NCH:). 49u5 (IH. m. OCH). J&1 57 (IH. m. 
OCHl, 1 M Jd 2 I (2l-l. ABq. J q I4 8 Hz. SCH:l. 3 2-2 67 (2H. 
m. SCH,l (Found C. 55.45. H. 4Qo. N. 4 I; S. II 04 
C,,H,,NO,S tcquucr C. 55 91, H. 4 70, N. 5 02. S. I I 46% 1 

l.4.6.71.9.10.11.1~.l7b + fkohydm + l7b. Wrurr . IH + Il.4.71 
. o~arhmorplomdtcuol6.7 . r]uoudok - 6.11 - dwnr #bb amd 
l.2.4.!.6.7.8.9.lI.l+4 . drrobydro . I5b - ~rdrol~ . I mrrhvlrhrir 
. (I.5~o~o~r)ck~d4~uo~43 . rjisoudolt . 4.1 I . dmt IlO&) 

The tcrrduc was scprrrttd by chromrIopaphy(ArC)Et- 
hcxln q 3 21 * (more polul ~8% rccrystlllurd tinunc- 
A&Et) to g~vc 253 ma (36 I%). cobrksr pnrms. m p l7l-17?’ 
Molcculrr wc*t (MW) Cak 335. found W (In MeOH) IR 
1260. 173Oo. 1670~~1 ' MS rJr 115 (hi*) NMR 7 7-7 1 l4H. mR. 
Jrom HI. 4 83 (IH. s. OH). 4 It l2H. I. J q 5 4 Hr. OCH:). 155 
rnd 1 I I (!H. ABq. J - I5 6 Hr. SCH:l. 1 Cl.0 (2H. m. NCHr). 
2 74 (2H. t, J q 5 Hr. SCHIl. 2 31 (2H. m. COCH,l. 2 l-l 2 (6H. 
m. 3*CH:I (Farnd. C. 6071. H. 632. N. 435. S. 943 
C,IH:,NO,S rcquges C. bDI. H. 6 II. N. 4 It. S. 9 54%) 

Compound la Iks\ polrrl WJS rccrystrll~rcd tEtI)Ht to g~vc 
ti met9 4%l,cobrltsr pnrmr. m p 16167’ tdcc 1 .W Cak 114. 
found 3!3lln MeOH) IR 3.X). 1730. IbfOcm ’ MSm/t ll~(M’) 
NMR 7b74(4H.m.uom HI 6YItlH.r.OH~48l~lH ABXq. 
J - II 8. 2 0 Hz. OCH). 3 59 t!H, m, NCH:l. ! 4,’ rlH. ABXq. 
J q 5 5.20Hz.SCtt1.3 3OtIH.ABXq.J - II 1.5 5Ht.OCHl.2 31 
(!H. m. COCH:). 201 OH. 1. SCH,l. 2@lO l6H. m. 1 K CH:) 
(Found C.bO85.H.6U.ti.4 II.S.942 C,-H.,NC),Srcqulrc\ C. 
6086.H.6~l.N.4II.S.954l 

~4~;~.‘0,‘1.12.11.14.15.16.1832b + fmadrcobydm . 22b . 
. IHBH - II.4.7lorafhiorocKloorrodrruol6.7 + 

J]UOidO/t * 6.11 . dwnt (*I md 
133.6.7.8.9.10.1I,t2.l~.l4.l63db . rtrrodrrohydm . zob + 
hrdmxr . I . m~hrlrkro . 4H . ~l.!~n~o:orrrloktro drrrnoI4.~ 
+ J)i#Oddt n4.16. diorv (1&l 

T)w resldut was ~pur1c.d by chrt&y lhcxrlw- 
A&Et - 1 2) * (aore polul was rccrysUllued Wproppyl 
cthcr) to gvc 165 ma (WI%). cobrkss pnsmr. n p lbel I I’ 
MW C& #5. found 389 (In MeOH) IR 1270. 1725. l67Octn ’ 
MS dr: 405 IM’) NMR 7 6&7 26 (4H. m. udm HI. 4 $8 (lH. 
s. OH). 4 3&3 7’# (2H. m. OCH,). 3. I2 (2H. I. SCH,l. 3 06 l2H. m. 
NCHI). 2 54 (2H. q. J = 12. 6Ht. SCH,,. 2 a l2H. I. J q 7 Hz. 
COCH,l.I.&l.O(l6H.m,8*CH,l (Found C.6482.H.77l.N. 
3 31. S. 7 $1 C,,H\,NO$ rtqurm C. 65 lb. H. 7 71. N. 3 45. S. 
7 a9%.l 
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Compound 1L tkils potut ras rccryrltllusd (AcOEtSKxaiW 
to gvc 131 q U.kJt), cabrkrr oc+dltr, m p lbcf69’. MW: 
Catc 405; found Yw (~a MeOH, tR. 322Q. t720. t66Scm” MS 
nlr 405 (M’) PMR- 74 t4H. m, uom HI, 3 14 Isd 4 34 t2H. 
uch ABXq. J - t2.6Ht. OCH,!. 4 59 cfH. 2, OH!. 3 31 f2H. m. 
NCH& 3.0 (IX. m. SCH). 2 39 t2H. t. J = &Hz. COCH,!. I 86 
t3H.~.SCHI).tbt0O6H.m.U~CH,~.~Faund.C.65.75:H.7.?t; 
N.3.32.S.75S.CIJH,,N0,Srequue~ C.65 16,H,77t;N.3.41;S. 
TM! 

4, 5, 6. 7, 8, 9, 10. II, 12. 13. tS_ 16. 17. 18. t9, 20. 22. 26b 
~~~~u~,~~ - 26b _ liydtor.r - IH.fH - ~t_tt~]ox~~~~~f~- 
&wu&5[9.8 . r]iroudofr _ 1322 _ bar CU) ad 2, 3.4. 5.6.7. 
8.9. IO. Ii. 13. 14. I$, 16. 17, I$. 20. 24b f ocrubrr&&* _ 2b’ 
l@oI~ _ I f mrrlrplrllur[t1Iototoclulorrcdl~~(9.1 _ rluoidulr 
* 13. M . dwar I lddr 

The rwdue was separated by c!wmrto$taphy !kranc- 
AcOEI q 3 2) U (more polar) *as obtuntd 677ma (33.-I, 1 
pak ytttor OL! MW C&c 461. found 414 (ia MeOH) IR 
(CHCI,! 33300. !73@-l69!cm ’ MS rrrfr rCtt(M’t NMR: t&f3 
c4H. m. worn H1 4 76 !tH. 3. OH!. 4.02 ItH. m, OCH,!. 3 2 ud 
3 01tIH. ABq. f - I4 Hz. SCH& 3 48-Z 76 (2H. m. NCH1). 2 34 
urd 2 P r4H. d 1. f q 7 Hr. SCH:. COCH,!, 1.8-l 1 (24H. m. 
I:! x CHI) (Found: C. 67 19. H. 859. N. 2 566, S. 6 72 CadO, 
S nquucs, C. 67 65; H. 8 II; N, 3 03. S, 6 93% 1 

Compound IY (kts potarf *as rccryattwi IAcOEtSKunct 
to QVC 51 mg (2 69Et. colorfrrs prams. m p !JiI-15P. MW Cak 
461, found 478 fin MeOH! IR 32Ul. 1725, I675 cm ’ MS dt. 
461 tM_t NMR d; O-t 3 c4H. m. uom. Ht. 4 II t!H. s. OH& 4.11 
IZH, m. OCH:]. 124 tZH. m. VCH:,. 2 WtlH. m. SCHI. 2 45 tfH. 
s, SCH,). 2 34 (2H. I. J = 7 Hz!. I XI (24H. m. 12 x CHz) (Found 
C. 67 24, H. 8 47; N. 2 71. S. 6 61 C,,H,,NO,S rrqtircr. C. 
67 65. H, 8 52. N. 3 03. S. 6 93% I 

4. 5.6, 7, 8.9. to. It, 12. 13. 16, tf. II. t9. 200. 21. 22.23. 24. 25. 
27. ftb. ~u~~~yd~ _ 3lb - b.wfrcwy . tH.3H.l~H - 
{t,l3.!6)rrrut~ru:~~~~~~~~ru~~~s~~,t [ 15316 . afijomdnlr ’ IS.?? + 
&iv (W und 2. 3.4. 5.6. 7.1.9. IO. I I. II. 15. 16, 17. II. 19.20. 
21.22. 23. 25. -2% * dororahydn, . 2% - hpdtvxy . I - arrh#a 
_ tH.t3H . [ 1,I3~0~o~oc~loprrt~or01~0[ 14.13 - r]uoudolr . 
I335 * d&ollr (IL! 

Thr rcrtdur was xparawd by chroma?graphy therant- 
A&Et = 7 3) Ir (more polar! Y&I r~c~~~l~~ KHCI,-htr_ 
rntl to gve 962 m$ @89bl. cdoricrs rwcdkt, m.p t&127’@ MW 
Cak 531. found 532 ~tn MeOH! IR 3200. 173s. 1680. tfi5cm“ 
MS ndt 531 (M’t NMR 763-f 28 I4H. m. worn HI. 4 S7 ttH. 
s, OH). 4 05 t2H. t. J = 6 Hz. OCH:). 3 4-2 77 (2H. m. NCH,!. 
3 23 md 3 0 t2H. ABq, J = I4 Ht. SCH:!, 2 36 r2H. m, COCH,!, 
2.28 c2H. t. f q ?Ht, SCH,!, I &IO OJH. RI. t7xCHz) (Fouad, 
C. 70 It. H. 9 14, N. 2 St. S. 5 99 C,,H,,NO,S rcquircs~ C, 
70 02. H. 9 29, N. 2 63. S. 6.0s 1 

Canpamd I& tkrr polar) was rccrymlltud (CHCf,-kwwt 
to 6wC I% rn6 ro.sn,. cotortrss pntm,. m p tri-!45’ uw c&k 
531. found 129 (~a MeOH! IR 3260. 1730. t670cm ’ MS m/t. 
Jf! !M’! NMR: IO-7 211(4H. m. arom Ht. 4 290tH. I. OH!. 4 0 
(2H. m. OCH:,!. 3 19 c2H. m. NCH,!. ? 9 (IH. m. SCH!, 2 4 (3H. 
1. SCH,,. 2 3 f2H. m. C0CH:t. to-06 tlrH, m, If * CH:t. 
(Found C, 69 ?I - H. 8 97, N. 2 w). S. 5 95 C,,H,,HO,S nqurm 
C, 70 02. H, 9 299. N, 2 63. S. 6 0s 1 
4. 5, 6. 7. 8. 9. IO. !I. 12. 13. 17. Zlb . f&&co&y&u - 2ib - 
by&vzy . IH. 3H.tJH . (l.b.l~ororLi4racyrlo~r~d~~~~43 * r] 
. r~omdolr- 13.17. d~nrfllr~orrd?.3.~.~,6.f.8.9. IO. It, 15. 
1% + do&caA~m - 1%. Afirurr. I . ntrkydt&o - tH.tIH - 
(1.3Jotu~ac,~~o~rnra~~~1~~!4.3 rlrmdolr . II.15 - dmnr (fh) 
Tk rerdrr *r&s upwed by chranrtoqyr)ty (&ww- 

ArOE4 = 3 II Itr (mote p&r! was recry~tatlized (AcOEtt to 
pc 09S 6 !I!%). cobrk,t rtedkt. m p ltb12’8. MW C&z 
391. found 3# (in CHCI,! IR 3280, Itl$. 1665cm ‘. UV 
(M&H) 234 (e - 772Q0). 228 ~10100). 230 (to2601 MS 4lr’l: 
391 (M-1 NMR II t-745 t4H. m. uom H!. I31 (2H. 1. NCH:!. 
4 43 I!H. br,. OH!. 3 27 aad 2 92 (2H. A&o. J = I4 HI, SCH$. 
2 7-2 1 c4H. IA. SCHI, COCH,!. 2.&l 0 (I6H. m. 8 xCH,t 
(Found C. 64 38. H, 7 37, N. 3 56, S. 8 12. C>,H,.NO,S rcquutr. 
C. 64 43; H. 7 47. N, 3 58. S. 8. I* 1 IL (ksr potr, was 

Comwnd I3a !k,s polul was rccryrult~ud whcr-hcrmr) to 
@*e 0 IS8 (7 1%). colortest rwcdkr. rn p 141-14~ WW CITc 391. 
found 3Qo (rn CHCI,! tR 33OQ. 1735, Ibe cm”. UV (M&H) 235 
(t = 7130. 229 CMbol. 222nm (8760, MS rnir ?9! tM’1 NMR 
8 I-7 45 I4H. m. worn Ht. 5 53 at 5 24 f?H. ABq, J - f I ! Hz. 
NCH:! 4 25 tlH. hr m, OH). 30 (IX. d, SCH!. ! V-2 1% QH, m. 
COCH~t.?3!t3H.r,SCH~t.!~tO~t6H.m.t~CH~~ rFwnd C. 
b4YhH.741.N.3Y S.820 C:IH~NO,Srcquwr C.614I.H. 
74’. N. 3 {!I. S, I! 17% ) 

f 9 ~f~x~u~u~ . 4, 5, 6. 7, 1. 9. IO. It, IT. 13, I?. 2tb - 
dadrrobyh - 2tb - Aydmry . tH,3H.t5H - [!_6_3lo~uf~_ 
o:ocTcl~lupradrctlllo((,f - r] rsomdolr - 13.1’ + driw r!Zbr 
(lrolrl orrd cti t 

The rtnbur VII wpuatcd by ctuomr~ogaptty OLCIW- 
A&Et = 2. It 12b (err; m polut was tccr)rsullllcd [c&r- 
hcuntto~vc 0.4g(lbr),. cu+ork~r pnsw,, m p 111-11~ MW. 
CIllc 463; found 459 (in M&H!. IR. 3250. 1750. 1730, t?ODcm ‘. 

MS 41: 463 (M-t NMR. 8 O&f 24 I4H, m. uocrt HI. 5 77 rnd 
I 3 (2X. A8q. J = It 5 Hz. NCH:). 4 94 f!H, m, OH!. 4 t c2H, q, 
J = 7 2 Hz. OCH:!. 4.0 i!H. s. CH}. 3 O-20 I4H. m, COCH:. 
SCH,), 1.24 !3H, I. J q 7 Hr. CH,!. 2 0-I 0 tl6H. m. IxCH;! 
~Fouat. C. 62 21, H. 7 66; N. 3 01, S. 6 90 C,H,,NO,S rrquws. 
C. 62 19, H. 7 Id. N. ! 0:. S. 6 9lq I IU (frms, ksr polar) was 
rccrytilucd KHClrhexuw) IO gwr I 05 8 (42%). cotorkw 
ncedks, m p It!-t23’ UW: CJc 463: fou#l466! 41n M&H! IR 
3280. 1740. IdPOcn ’ MS &I 463 (M-l. 4t7. I60 NMR. 
8 OF7 U (4H. m. uom Ht. 5 52 (2H. 1. NCH:k 4 21 (IH. s. CH!, 
4bb (!H. I, OH!. 3.91 t2H. m. OCH,!, 30-21 t4H. m. COCH:, 
SCH,). 138 (IbH, RI. 8xCH:t. 095 (3H. I. J q 69H1. CH,, 
[Found C. 62 16, H. 7 IS. N. 2 %. 5.6 % C:,H,,NOJ rcqulrrr 
C. 62 19. H. 7 18. N. 3 02. S. 691Q 1 

U&r4 A A win of h fSUlmg. f TPmmol) rrd p~totwn- 
wtfoatc red (l#m6t ta CHKI: 150 ml! was rcUurrd for I hr 
Aftu remowl of the dvrn~. the rwdur was c)tromoroglptud 0a 

$0: ~bcn~cnc-h~OEt q 9 ! 0 !I to QVC ,NOrn8 lW+) of 111. 
cdorkrs pnrmr from CHCl,-ethcr. m p l&188’ IR 1731. 
tftOem ’ MS &r 261 (M-1 NMR. 80-74 t4H. RI. uom Ht. 
6 42 i!H. s. ok%ruc Hf. 5 610 t4H. m, NCH:. CKH,!. 2 93 t2H. 
1.1 =6.3Hr.SCH& (Found. C.!946;H,4.34.N_523~S. t?OP 
C,,H,,NO,S nquuer’ C. 59 n. H. 4 24, N. 5 36. S. I! 25% i 

I - (Ehor~rorbouyfJ) ~4, I, 6.7.6.9. IO, I I. 12. I3 - drroLpdn, - 
IHLI!H_I?H . ~,ralhrO:~cfrlokpfadltlnll (4.3 . rlmwndolc . 
!3.!7 - &at (181 

M&x& B. Thlonyt chbrdc (St 4 tB& 0 43 mmol! w&s added to 
1 am.d win of ubtrorrr 4100 m& 0.22 fnnwrll tn pyndnu (I ml! 
at - W’ The wln was ttintd rt - 30’ for 2 hr rad then rf 2-5’ for 
3 hr Tbc mnture was paucd into H:O and cxfrrctcd orfh 
CH,CI, Ttu crtncts were wrrtwd wrfh lo$ HCI. dried. and 
concentrated u wno The rtrdw ~4% purlird by !WI plc- 
puWvc TLC Ibcxrne-A&Et q 2 !I 10 #we 61 ma 164%) of a 
yellow 011 tR(hqwd!: 1735. !6!0. ISIJI cm” MS ~/JI U4 (M- * 
1). 455 IM’I NMR 9 1649 (IH. RI, uom H!. U&7 4 t3H. RI. 
uom HI. 6 IS aad 5 47 (2H. ABq. J = I1 4 Hz, NCH,). 4 36 I2H. 
q. J q 7 4 Ht. OCH,!, 3G20 t4H. in, COCH:. SCH,!. 2.hI.0 
(t9H. m. 6 x CH,. CH,! (Found C. 64 !I; H. 7 00; N. 3 16. S. 
7 02 CuH,,NO,S requuw C. bl to; H. 7.01, N. 3 !I. S. 7 ISPE 1 

3.4.7,6.9. IO. It. 12, If, 14. I!. 16 - ~c~Y~~ - Ii04 - 11.471 
- ouukoz.a7or+oc&d~uo~6.7 - rlttouddr - 6.18 . djollc (Ilet 

Accordwg IO WcQaod ft. Ilc wu obuncd as a cobrk,, OJ 
afrct SrOz chomrt@y (hww-A&Et = 9 I) UI 40% yirld 
IRKHC!,): 17M. tbeo, 16~0~~” MS de NV IM’) NMR: 
# 31-7.46 t4H. m. udm. Ht. 6&t (IH. t, de&w Ht. 4 33 t2H. 1, 
J - 7 Hz. SCH$ 3 81 I2H. t. J = 66 Hz. OCH,!. 360 c2H. t, 
J - 7 Hr. NCH&- 2 37 (2H. f. J - 5 Hr. COCHzr. t.f! ft6H. m. 
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8 x CH,) (Fourd: C. 68 27; H, 7.65. N. 3.67; S. 8.10. CnHISJO,S 
rcqurrrr* C. 68 19; H. 7.54: N. 162; S. I26%.) 

Ac.etolwlk SOIR~ of I sample of 68 (lOmU) in PYrcl 1uks 
were dcprscd by 6vc frccze9umptbow cycks and scakd u 
DOC*O at 5 10 ‘Ton Quantum yeIds were owuurtd rthtivc ro 
0 012 M poUslium fcrrKIuhlc wmte?’ OQ pu4kl tmbia* 
tutn of sampkr of tdat~d volume (JotI) lmdrrrsonr were 
~orrmdonrmcrry~undrqpmtu~~rEiLor&WY)W 
tu& prrawt mtrcufy hnrp cmtaA& ln a wrlntoded. qur 
ialnrtnian WCU A chtmbl akf of I.4 aM polasshl cbmmrrc 
in 0 1% h’r$Oclq” was used to rtitc tk II 3 am Irnc. After 
tht uradutron. tk products were isdrlcd by riliu p! pe. 
puativr TLC (Merck prc<o)ted PLC aOF- CHCl,-WcOH 9 
20. II and prodrrr fomauonr welt dclcrmiacd by rnc~surtwn~ 
of opti dcnsttvr in EtOH II 25Oam. @anrUm pdd of tk 
fommcnl of ti from 6# was 0 013 2 0 003 

Ar&orl~rnrr-We UC ptcful to h S Suto rrd T 
Mlrqurbi. Orpnr Ckmircry Research Labmtwy. Taaak 
Scrytiu. Co. Ltd. for tkir tmr~ta Tlur work was 
wppcdd in pur by a grant from tk htb of Educrtioa. 
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